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Hocaigxeno cmocid ouinku HaaliiHOCTI KOMI IOTEPHHX MepeX HA OCHOBI OiHapHol
miarpamu pimiens (BP). Po3ruisiHyTo pi3Hi aaropurMu o04HMcIeHHs] HAXIITHOCTI KOMI KOTEPHOL
Mepexi Ha ocHoBi B/IP: anroputM ¢axkTopusamii, aAropuT™, 1o IPYHTYETHCA Ha MOLIYKY
MiHiMaTbHUX HLIAXIB a00 mepepisiB, aaroput™ cTtBopeHHsi B/IP 0e3 orpumanHs Oy/eBoro
Bupaszy. Metoau o0uuciaeHHst HagiiHoCcTi HA ocHOBi B/IP 1a10Th 3Mory 004uCaUTH HAAIHHICTD
Mepe:Ki i3 COTeHb eJIeMeHTIB.
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The present paper is aimed at investigating modelling and analysis techniques for the
calculating the reliability of computer communication networ k using binary decision diagram.
The network can be represented in a form of a graph, whose elements (vertices and edges) are
considered as binary objects characterized by a working or a failed condition. Nodes and
communication links of computer network may fail with known probability. The network
reliability is defined as the probability that all nodes, or a subset of the nodes, of the graph
communicate through at least one path of working edges. Failure of a single component may
directly affect the functioning of a networ k. Deter mination of the probability properties of the
network is based on Binary Decision Diagram and Shannon’s decomposition principle. Binary
decision diagram is a modern data structure proved to be compact in representation and
efficient in manipulation of Boolean formulas. A path is defined as asset of edges so that if
these edges are all up, the system isup. A path is minimal if it has no proper subpaths. A cut is
defined as a set of edges so that if these edges are all down, the system is down. A cut is
minimal if it has no proper subcuts. Different approaches are based on the use of BDD. Oneis
factoring algorithm. The idea is to choose an edge and break the model down into two cases:
the first assumes the edge has failed, the second assumes it has not failed. For each case, a new
reliability graph is built by taking into account the behavior of the chosen edge. The
alter native class of methods is to directly obtain minpaths or mincuts. Minpaths are sear ched
by means of the Dijkstra algorithm, while mincuts are searched by means of a recursive
algorithm. In these methods we first enumerate all the minpaths and mincuts of the given
networ k and then thereliability expression is evaluated using different methods, like inclusion-
exclusion method or sums of digjoint products. There are some disadvantages in the above
methods. In the factoring algorithm, the number of factored reliability graphs will increase
exponentially with the number of edges increases. In the minpaths or mincuts methods, as the
number of edges becomes large, the number of minpaths or mincuts will be large and

174



inclusion-exclusion or sums of digjoint products expression will be increased too large. Size of
BDD strongly depends on the ordering of variables. The size of BDD means the total number
of non-terminal verticesin the BDD and the number of verticesin particular level. Thereisno
polynomial search algorithms for optimal variable ordering.

The present paper introduces BDD representation of the 2-terminal connectivity of a
graph without preliminary search for the minpaths or mincuts. The algorithm starts from the
sour ce node and visits the graph until the destination node is reached. The BDD construction
starts recursively once the destination node is reached. The BDD’s of the nodes along a path
from sour ce node to destination node are combined in AND. If a node possesses mor e than one
outgoing edge the BDD of the paths starting from each edge are combined in OR. A bridge
networ k with directed arcs is considered as an example under assumption that only arcs can
failure.

Key words. network rdiability, minpath, mincut, Shannon’s decomposition, Binary
Decision Diagram (BDD), Dijkstra algorithm, 2-terminal reliability.

Beryn

Amnanizy HaIiifHOCTI MepeXi MPUALIIEThCS 3HaYHA yBara IIiJ 4ac MPOEKTYBaHHS Ta TEXHIYHOT'O
00CIIyrOByBaHHS KOMII' FOTEPHUX Ta TEICKOMYHIKAIIMHUX Mepex. BimMoBa KOXKHOTO KOMIIOHEHTa MOXKE
Oe3rocepeIHbO BIUIMBATH Ha QYHKI[IOHYBaHHS Mepexi. ToMy HalliiiHICTh KO)KHOTO KOMITOHEHTa MEPEXKi €
BUpIMAIEHIM (PaKTOPOM B OOYMCIICHHI HAJIHHOCTI Mepexi, a 3ajada e(eKTUBHOTO OI[IHIOBaHHS POOOTH
KOMITOHEHTIB MEpeXi 3 ypaxyBaHHSIM I1X B3a€MO3B'SI3KiB 1 B3a€MOBIUIMBY € aKkmyaibHol. PesynbraTh
TAKOTO aHaNi3y € OCHOBOI /IS PO3POOJIEHHS METO/AIB ONTHMAJIBHOIO VIIPABIIHHS MEPEKEBHUMH
pecypcamu Ta HaBaHTaXeHHsM [1, 2].

Orasn gocaigkeHb Ta myoaikanii

CyuacHi KOMI'IOTEpHI Ta TeJIeKOMYHIKalliliHI Mepexi HalleKaTh J0 KaTeropii CKIaAHUX CHCTEM
[3, 4]. VYcknamHeHHs TENEKOMYHIKAIHHUX MEPE&K € MNpPSIMHM HACTIKOM MOCTIHHOTO 3pOCTaHHS
BIJINIOB11aJIbHOCTI BUKOHYBaHMX HUMHM (DYHKIIIH, CKJIAQAHOCTI ¥ pi3HOMaHITTS X QyHKIi#. B nux ymoBax
Y1 He HAWBAKIIMBIILIOTO 3HAYCHHS HAOYBArOTh IUTAHHS 3a0€3MEYEHHsT BUCOKOI HA[IHHOCT] iHOKOMYHIKaIiHHIX
MEpEeX, 1 MUTAaHHS OI[IHFOBAHHS HAJIMHOCTI Ta ONTHUMI3Allil 33 [IMM KIFOYOBHUM MOKa3HUKOM e(EeKTHBHOCTI
CKJIQJIHMX CHUCTEM € YHIKaJIbHOIO mpobiiemoro [5, 6].

st onTuMizanii CKIaJHUX CHCTEM 3a IMOKa3HHUKOM HaJiHHOCTI Po3poOJIeHO YMCIIeHH] (opMalbHi
METOJMKH 1 3 NUX NHTaHb omyoOJikoBaHo Oarato poOit [3, 7]. B [8, 9] po3risHyTo OCHOBH Teopii
(YHKIIOHATIBHOT CTIHKOCTI CKJIaJHUX KOMIT FOTEPHUX CHCTEM, Ha OCHOBI SIKHX TIOOY/I0BaH1 iH(pOKOMYHIKAIIiHHI
MEpeKi.

Tpanuiiiiai Meroau aHamizy HamiiHOCTI Mepexi [9] IPYHTYIOThCS Ha TMONIYKOBUX aJroOpHTMax
MoBHOro Tiepedopy, sKi 3a0e3nmeuyroTh KUIBKICHY 1 sIKICHY iHQOpMalilo mpo 3B'S3KM B Mepexi, ii
HaIiIHICTh 1 Bpa3IUBiCTh. IX MOXKHA TIOMIMNTH Ha TaKi KaTeropii: MeTo MOBHOTO Tepebopy; peayKiis a6o
JICKOMITO3HILisl; TIPSIMI METOJIH; METOJ HAOJIHKCHHS.

BaxiuBo 3ayBa)kWTH, IO BKa3aHI METOIM YacTO KOMOIHYIOTHCS OAMH 3 OJHMM. MeEToa IOBHOTO
mepebopy — Haimpocrimmii, ame HaiiMeHIn edeKTHBHUN MeTonm (KIIBKICTh MOKIHBHX CTaHIB 3pOCTAE
eKCIoHeHIi#H0). CrmaaHimuM € 1mepebip MiHIMaTbHUX UULIXIB Ta MIHIMAIbHHUX —Tepepi3iB i
npeacTaBieHHs QYHKIIT CTPYKTYpH Yy U3 FOHKTHBHIA HOpMaibHiA Qopmi. ¥ BUrisimi GiHapHOI miarpamu
pillieHb (QYHKIIIO CTPYKTYpH OTPHMYIOTH 3a JOMOMOroro Jekommosuiii lllenHona, HaWmommpeHimoro
METO/Iy PO3KIIaICHHS.

Jlpyruii KIaCHYHHKA METOJI — METOJ BKIIOUeHHS-BUKIoueHHs. B [10] po3risHyTi MeToau aHaiizy
HAJIHHOCTI CUCTEM 31 CKIIaJIHUMH CTPYKTYpaMH, 30KpeMa, i€papXiqHoro, a caMe:

— METOJA HaJIMHICHOrO aHajli3y Ha OCHOBI JEKOMITIO3MIII CHMETPpUYHOI ab0 HECHMETPHYHOL
iepapXxivyHOIl CTPYKTYPH MIPOCTOTO MIANOPSAKYBAHHS HA BKIAJCHI MIICTPYKTYPH;

— METOJ JIOTIKO-IMOBIPHICHOT'O TPAEKTOPHOTO MOJCIIOBAHHSA JJIi HAAIMHICHOTO  aHali3y
HECHMETPUYHUX iEpApXIYHUX CTPYKTYP CKIAJHOTO MiJIOpPSIKyBaHHS.
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IlocranoBKa 3aBJaHHS

Meror mpencraBieHoi poOOTH € JOCHIIPKEHHS BHKOPUCTAaHHS OiHApHOI JiarpaMu pilleHb JUIs
aHaJi3y HaAiifHOCTI KOMIT FOTEPHUX MEPEXK, CTPYKTYPY SIKUX MOXKHa mogaTtu y Burisiai rpady G = (V, E) ,
B SKOMY €NEMEHTH BBaXKAIOThCA OIHAPHHMH 00 €KTaMH, IO XapakTepHU3YIOTbCS JBOMAa CTaHAMH:
MPAIIOIOTh 1 He TpalioloTh. CTaH CHCTEMH 1 KOXKHOTO eJIEMEHTa MOXKHA OIMKCATH 32 JIOMIOMOT0I0 OYIIeBHX
3MIHHUX, sIKi HaOyBatoTh 3HaueHHs 1 (y Bumanky mpanesznataocti) i O (y Bumaaky BiamoBu). HaniiHicTh
MepexKi BU3HAYAETHCS SIK IMOBIPHICTH TOTO, IO BCi BY3/IK 200 MiIMHOXKKHA BY3IIiB rpada 3B’ s13aHi xo4ya 6
4yepes OJUH IUIIX pedep, 1110 MPaIioioTh.

Binapna niarpama pimlenn
binapna miarpama pimens (BZIP) € ¢popmoro mpencTaBneHHs OyneBoi GpyHKIT Bil 3MIHHIX Y BHTJIST
HAIPSIMIICHOTO allUKIIIYHOrO Tpady, IO CKIAJA€THCS 3 BHYTPIMIHIX BY3/IiB (IOMIYEHHX X ), KOXKEH 3 SKHX
Mae 10 J1Ba MOPOKEHHS, 1 JABOX TepMiHanbHUX By31iB (momideHux O i 1), KoKeH 3 sIKMX BimoBigae
OHOMY 3 JBOX 3HaueHb OyneBoi ¢yHkuii. SIxkmo F — OyneBa ¢ynkuis Bix 3miHHUX X, X,,..., X, TO,

BHUKOPHUCTOBYIOUH JiekoMno3ullito [llenHOHa, oTprMaemMo Takuii BUpa3

F =xFq, UX Fos. )

Bynb-sikuii OyneBuil Bupa3 MOKHA TIOAATH y BUTIISAL OiHapHOTO AepeBa. Jekommosuiieto [llennona
0 3MiHHI X, Ha3UBAETbCA METOA NpeJcTaBiIeHHs OyneBoi GyHKUIi Bii N 3MIHHUX y BUIIAAI CYMH JABOX
migdyrkuii Bix N- 1 3minHux, KoKHA 3 AKMX MOKe OyTH po3KiIageHa Ha aBi mindyHkmii Big N- 2
3MmiHHUX. BiHapHa miarpama pillleHb Ha3UBAETHCS BIIOPSIKOBAHOIO, SIKIIIO Pi3HI 3MiHHI 3’ ABJSIOTHCS B Tid
camili TIOCNIJJOBHOCTI Ha BChOMY IUIAXY BiJl KOpeHEBOro By3na Tpada. binapna npiarpama pimieHb
HA3UBAETHCS CKOPOUYCHOIO, SKINO /I rpady 3acTOCOBaHI Taki JBa MpaBUia CKOPOUCHHS
3IMUTTS OyIIb-IKHX 130MOpQHHX miArpadis;
BUJIAJICHHS BCIX BY3JIB 3 130MOP(QHUMU MOPOKECHHIMH.
[opsinok 3minanx y B/AP cunbHo BrmuBae Ha po3mip B/IP. Tlopsmok Ha3WBaeThbesi ONTHMAIBHUM,
SKIo reHepyethes B/IP MiHiMabHOTO po3MIpy.
binapHy miarpamy pillieHb MOKHa CTBOPHTH, BUKOPHCTOBYIOUM CTaHIApPTHI JoriuHi omeparii [11].

Tob6to sikio 3MiHHA X, HaOyBae 3Ha4eHHs “icTMHA” 3 HMOBIpHICTIO [, (3HAa4eHHsS XHOHE 3 MOBIpHICTIO

(- p)), moxkemo oGuncauTH HMOBIpHICTH  PYHKLIT Pr{ F}, BUKOPHUCTOBYIOUH pIiBHAHHS (2)

PEKYpPCHUBHO.
PI‘{ F} =h PI‘{ Fx1=1} +(1- p) PI‘{ Fx1=o} = Pr{ Fx1=o} + pl(Pr{ Fx1=1} B PI‘{ Fx1=o})- )

AHani3youu HaJIHHICTh MEPEXKI, AITOPUTMH, OCHOBaHI Ha BUKopucTaHHi b/IP, MokHa moaiiuT Ha
TPH KJIACH:

1) anropuT™Hu, 110 IPYHTYIOTHCS HA MIPSIMOMY anroputMi aktopusarii [12];

2) aJropuTMH, IO IPYHTYIOTHCS Ha MOIIYKY MiHIManbHUX HULIXiB (nepepizis) [13];

3) anroputmu crBoperns BJIP 3a momomorotro nieperisiay rpady 6e3 orpumaHHs OyJeBOro BUpasy.

O0uncienns HaailiHOCTI MeTOIOM (hakTOpHU3aNii
CrBopennst BJIP 3a nomomororo dakropu3ariii npencrasiese B [14]. Bupas F)q -, y piBHaHHI (1) —
e rpad, 1o OTPUMYEThCH, SAKIIO pedpo X (YyHKLIOHYe, TOOTO BBakaeThcs HaliHMM. Llg omepartis
HA3WBAETHCS CKOpodeHHsM [12] 1 o3Havyae BuaneHHs peOpa 3’ €IHAHHSAM BY3JIIB BiANpPaBHHUKA i
orpumyBada. [lomiOHO BUpa3 F)q:O B piBHAHHI (1) — me rpad, mo orpuMyeThbes, AKIO pedpo X

BigqMoBMIIO. Ll omepailiss Ha3WBaEeThCsl BUAAJICHHSM 1 O3HAYa€ BUJAJCHHS pedpa 3 po3’€THAHHSM BY3IiB
BiJIlIpaBHHKA 1 OTPUMYBaya.
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Bupas, orpuManuii 3a qomomMororo (axropusaitii, gekommosuiii Illennona (1), MOJKHA TepenrcaTH
Tax:

G=xMUxL 3)

ne M —rpad, orpumannii 3 rpada G 3'ennannsm pebpa X i L —rpad, orpumanuii BumaneHHsM pebpa
X . B rpacdiuHOMy mpesicTaBlieHH] y BUTTISII JBIHKOBOrO epeBa HaJaajli BioOpakaTHMEMO CKOPOYEHHs B
JBIH rini 6e3nepepBHOLO JTIHIEIO 1 BUJIAJICHHS B TIPaBiil TIIi MyHKTHPHOIO JIHIEIO.

Bisememo migmuoxuny K(£ NV)) BepinuH, 38’130k K TepMminanie — ne OyneBa (QyHKIIs, 110
HaOyBae 3HaueHHs “icTuHa”, sikmo K BepimwH 38’ si3aHi (BpaxoBYyIOUH CIPSIMyBaHHS pedep y HAIPsIMIICHIH
Mepeki), 1 Moxe OyTH TIpecTaBiieHa 3a AormomMoroio BJIP, 3 BUKOPHCTaHHSM PEKYPCHBHOTO TTOKPOKOBOT'O
ckopodeHHs (3) OBUTBHOT BHOPSAKOBAHOI MOCTIZOBHOCTI pebep. Ha KOKHOMY KpOIi JEKOMITO3MIIT
koutpomoemo K — 3B's3HicTh Ha ckopoueHux rpadpax M i L. Skmo K — 38’s3uicts Ha migrpadi M
OIIHIOETHCS K icTHHA (32 Oyab-1KO1 KOMOIHAIIi 3MIHHKX, IO 3aJMINMINCI), TO TepMiHaAbHUI By301m 1
BAP nmocsruyro, skmo K — 3B'ssmicte nHa migrpadi L omiHioeTrhes sk XuOHA, TO JOCATHYTO
TepMiHaNbHUIA By3os O, B IHIIOMY BHIIaJKy MU TPOJOBKYEMO JEKOMITO3HIIII0. Y HAMPSMICHUX MEpeKax
MepeBipAETHCS HATIPSMIICHICTD YT

Posrmsinemo mpuknmax 1. Mepexa tumy “citka’ 3 HanpsMJICHUMH peOpaMu Mae CTPYKTYpY,
IpecTaBieny Ha puc. 1, i MM MaeMo 00UMCIUTH HadilHICTh Mk Bysnamu S i T . BUKOpUCTOBYEMO TaKy

HOCITIIOBHICT 3MIHHHX X, P Xs P % P X P X, P X

@T

B!

" L3 ”
Puc. 1. Hanpsimnena mepesica muny “ cimxa

OOuuciienHs #imoBipHOCTI 3a gomomororw bBJIP Ha puc. 2 BHUKOHYEThCS PEKYPCHBHO 3
BUKOPUCTAHHAM PIBHAHHS (2). OOYMCIUBIIN MOBIPHICTh B POMDKHHUX By3JIaX, OTPHMA€EMO HMOBIPHICTh
BCi€i Mepexi Mk By3namu y hopmyti (4)

R= PPsPs+ PP+ P2PsPs - PiP2P4PsPs - PP P3P, Ps -
= P2P3Ps Ps + PP, P3P, Ps Ps @

O0uuceHHs 2-TepMiHAIBLHOI HATIITHOCTI Yepe3 aHAJI3 MiHIMAJILHUX ILJISAXIB
lnax H — miniManeHuii nuisx, Ao Oyab-ska miaMHoxuHa eneMentiB H He € nuisxom. Hexai

h — kinbkicTs MiHIMaTBHUX MUTAXIB Mix BigmpaBauKoM S i orpumysauem T yrpadi G = (V, E) i nexaii
Hl, H2” Hh — h wminimManeaux nwisxis. Bei eneMeHTH MiHiManbHOTO IUIAXY TMOBHUHHI MPaIOBaTH, 100

iCHyBaB 3B’s30K. EjlleMeHTH MiHIMalbHOrO IUIAXy MoB's3ani jorivnuM AND. OpHak, SKIIO OAHOrO i3
MiHIMaJIbHHX IISAXIB OCTATHEO, 00 Mepexka Oylia Impale3IaTHOR, 3B’ a30K Mk S 1 T MokHa mogaTH sk
soriude OR MiHIMJIIBHUX LUIAXIB.
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pi2=pri+ p,(pth— pri)

pi6 = pi3+ p.(1—pi3)

PE3=pro+ pi(ps— pro)

i:xl
; prd=pp

2-TepMiHajbHA HaifHICTE MOKe OyTH oOumcieHa 3a Gpopmysaoio (5)

Rey = p{ S(s,t)} =P{H,UH,U..H,} 5)

Hapiitnicte Mepexi 3rimHo 3 ¢opmynor (5) MokHA OOYMCINTH SK WMOBIPHICTH 00 €IHAHHS
HETePETHHHUX TOJIii 3a JOMOMOroro pisHuX MeToiB [11], ane Mu po3riisigaeMo TiTbKU aHauti3 Ha ocHoBi B/IP.

BukopucroBytoun anroput™m JeHKcTpH, BU3HAYAEMO, 110 Mepeka Ha puc. 1 Mae Tpu MiHIManbHI
uwisixu (6)

S.,=H,UH, UH,

H, ={%, % %6} Hy ={ %, %} Hy ={ %0 %, %6} ©)
Bianoeiano m0 BuineHaBeneHUX (GOPMYJ HASBHICTH 3B'S3Ky MK S 1 T MOKHA BHpasuTH
(dhopMmy10t0

St e = XXX UXXs UxXoXe ©)

BuKOpHCTOBYIOUH Ty caMy MOCJI0OBHICTh 3MIHHHUX, 110 1 B TIONMEPEIHBLOMY PO3ii, 1 JEKOMIIO3HIIII0
[llennona mis OyneBoro Bupasy, Oyayemo BJP. fAkio o0 eqHaTH ieHTHYHI MimepeBa i TepMiHAIbHI
By31u 1 Ta 0, orpumaemo BJIP, 300pakeny Ha puc. 3.

[ToniOHO 10 HaBEIEHOTO METOMYy MOXKHA I'€HEpYBaTH MIHIMalIbHI Iepepi3u 3aMicTh MiHIMaJIbHHX
IUIAXIB, ¢ MIHIMaJIbHHUI Iepepi3 — Iie MIMHOKHUHA pedep, BiIMOBa SKUX P03’ €JHYE BY3JIH BiANpPaBHUKA i
OTpUMyBaya. AITOPUTMH OOYHCICHHS HAJIMHOCTI MeEpeXi depe3 aHami3 MiHIMalbHUX Tepepi3iB
e eKTUBHIIII, HDK aJIrOPUTMH, OCHOBAaHI Ha aHai3i MIHIMAJbHUX IUIAXIB I THX MEPEK, B SIKUX
KUTBKICTh MIHIMAITBHUX Tepepi3iB MEHINa, HiXK KUTbKICTh MiHIMAIbHUX NUIAXiB. MiHIMaNbHI NUISXH Jal0Th
SKicHY iH(opMallifo Mpo BUTIHINI 3B’ I3KH MK BY3JIaMH BiANIPaBHHUKA 1 OTPUMYBaya, TOAL SIK MiHIMaJIbHI
nepepizu JaloTh KOPHUCHY iHQOpMAaIiio Mpo KPUTHYHI MOAil, SKi MOXYTh PO3’€JHATH JBa BY3IH i
MepepBaTH 3B’ 130K MK JBOMa YaCTHHAMM MEPEXi.

O0uncieHHs 2-TepMiHaIBbHOI HajiliHOCTI MeToI0M Meperasay rpadga
[IpencraBnenns 3a gomomorow BJIP 2-TepMmiHaibHOrO 3B's3Ky rpada MoOKHa OTpuMatu 0Oe3
MOMEPEHFOr0 TONIYKY MiHIMaJbHHX NUIAXIB a00 MiHiManbHHX mepepiziB. B/IP moxHa moOyayBaTu 3a
JIOTIOMOT'OK0 PEKYPCUBHOTO Teperiisiny rpada 6e3 orpumanHs OyrneBoro Bupasy [15]. PosrisHemo rpad i
nBa By3mu S 1 T (puc. 1). Iounnatoun 3 By3na | (3rigHo 3 BUOpaHOIO cTpaTeriero nepernsay rpada)

178



pyxaemocsi, IOKU He morpanumo y Byson 1. ITobymnosa BJIP

TRy Fy W Ky K W Ry Ky R

MOYMHAETLCSA PEKYPCHBHO, TTIC/s IOCATHEHHs By3na | . PeOpa,
0 pO3MillleHi Ha HUIAXY 3 By3na Spuo Bysna T, o0’ exHani T2/
oleparli€r0 KOH'IOHKIIiA, SIKIIO * BY30J Ma€ OUIbII HDK OIHE
peOpo, 10 BHXOAUTh, IUIAXH 00 €IHAHI  OIMEpaIli€ro
A3’ FOHKIISA.

Posrmsinemo anroputM Ha upuknami puc. 1. Ipad
MEPErNIAIacTbCs  BIIMOBIAHO J0 IMOCTIIOBHOCTI HOMEPIB
By3niB. IlounHaroun 3 By3na BimnpaBHuka S (Byson 1),
pyxaemocs 10 By3na 2 1o pedpy X, MOTiM 110 By3ia 4 1o pedpy
X, i go Bysma T (Bysom 5) mo pebpy X;. bymyBaru BJIP
HOYMHAEMO 3 pebpa X;. Ockilbku By30n 4 Mae TUIbKH OJHE
pedpo, 10 BUXOIUTh X , MOBepTaeMocs y By3on 2. CTBOpIOeMO
B/IP nyis pebpa X, i Mix 1BoMa ctBopennmu bJIP 3acTocoByeThes
orrepartist w3’ forxtii (X, UX, ) . TlosepHyBImic y By30r 2 uepes
pedbpo X, Aocsaraemo Byson 5 i Oyayemo Bimnosiany bJIP, mo

3'€nHyeThcss 3 TonepenHboro BJIP  omepaitiero  KOH' FOHKINT

(%, Ux,) UX,. Ockinbku Ginbire Hemae peGep, 10 BHXOATH 3

Puc. 3. I[Ipeocmasnenns
3a 0onomozoro BIIP pisnanns (8)

By3Ja 2, moBepraemocs y By30i1 1 i HoBa BJIP, mio npencrapise
pedpo  X,, 3'€IHyeTbCs 3 yKe MOOYIOBAaHOK OIEpalli€ro

w3 rorkuii (X, U Xs) U Xs) U X, Toxi6HO Gymyetsest BJIP, mwio npeacrasisie musix (X, X,, X;) MK By3namu

11 5. Hapemrri B/IP aBox 1nuisaxis, o BUXOAATH 3 By3ia 1, 00’ €IHYIOThCS orepairiero KoH' oHKIIil. OTpruMaeMo

BJIP, 306paskery Ha puc. 4, 1m0 Biqoopaskae 38’ 130Kk Mk By3namu 1 i 5 takoro ¢yskitieio (8):

(%, Ux, Ux) U(((% Ux) Uxs) Ux,)

ptd = p, ptS+(1- p, ) pt>

2ro=p;pf3+ Q1= pipfo
pti=p;ptl+(1-p;) pt5
B 3=pf6l-p)+ paps

pil=p; +(1-ppi5

Bf 6= pypg

Puc. 4. Obuucnenus imosipnocmi BJ{P memoodom nepeaiidy epagpy

[TocaimoBHICTh, B SAKii 3MiHHI 3’ ABJIAIOTHCSA HA PUC. 4, BIAPI3HAETHCS BiJ] ITOCIITOBHOCTI 3MIHHMX Ha
puc. 3, tomy nBi B/IP MaroTh pi3HUMI BHIIISAI, X04a MPEACTABISAIOTE OfHY OyneBy dyHkmito. HaniliHicTh
Mepexi 00UMCITIOITh PEKYPCUBHO, BUKOPHCTOBYIOUH PiBHSAHHSA (2), X04a 32 JI0MOMOI0I0 IEOI0 aJTOPUTMY
BIP orpumyetbest mpsimo, 6e3 OyneBoro Bupaly. Byab-ska mocmigoBHicTh By3miB y BJIP, mo 3’ ennyrorh
KOpPEHEBHH BY30JI 1 TepMiHAJIBHUI BY30J1 1, — I1e IUIAX 3’ €qHaHHSA B Mepeki (HE00O0B' 13KOBO MiHIMATBHIIA),
1 Oyab-sKa TOCHiOBHICTE BY3IiB y B/IP, mo 3'eaHyroTh KOpeHeBUi By30l 1 TepMiHanbHUi By3on O — e

NUISAX Tepepizy B Mepexi (He00O0B' I3KOBO MiHIMATBHIIA).
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BucHoBok

VY cTarTi pO3MISIHYTO METONM aHai3y HAIIMHOCTI KOMIT IOTEpPHHX MEpeX Ha OCHOBI OiHapHOI
JiarpamMu  pillieHb, MO SBJISE COOOK MpPEACTaBiICHHS OyineBOi (YHKIII BiX 3MIHHUX, IO OMHCYIOTh
CTPYKTYPHY HaAiHHICTh MEPEXKi, Y BUIJIAII alMKIIYHOIO HampsmieHoro rpada. Meroau oOYUCIIEHHS
HaJiiiHOCTI Ha ocHOBi BJIP maroTh 3Mory OOYMCIMTH HAIIMHICTH MEpEXi 13 COTCHb CJIEMEHTIB.
Oo6uwmcienns HagiHocTi Mepexi € NP-rioBHOMO 3amaueio [16]. TogoBHOO TPoOIeMOo0 aHali3y HaIiHHOCTI
CHCTEMH € 3pOCTaHHS CKJIAJHOCTI CTPYKTYp KOMIT IOTEPHHX MEpEeK, sKa 3yMOBIIIOE 3HAa4HI 3aTpaTH
OOUYUCITIOBANBHUX pecypciB. BupilieHHst miei mpoOiieMH BUMAarae IOIIYKY MiJBHUINCHHS e(eKTHBHOCTI
METO/IiB 1 AITOPUTMIB aHANI3y HAJIHHOCTI MEPexi.
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